Introduction
Osteoporosis is a systemic, metabolic disorder with a reduction in bone mass without any alteration in the composition of bone but with defects in the microarchitecture of bone tissue and an increased risk of fragility fractures 1, 2 . There are few subjective symptoms. After menopause, an increase in bone resorption, due to osteoclastic activity, occurs in women and it is generally believed to be related to oestrogen deficiency. Osteoporosis results from normal ageing and, even though it is generally regarded as a disease that afflicts women, men and women share several risk factors 3 . They include low body mass index, smoking, corticosteroid therapy, genetics and physical inactivity.
Osteoarthritis/arthrosis (OA) is a common joint disorder associated with female gender, and its incidence and prevalence increase with age 4 . Painful osteoarthritis can involve separate joints, as well as the temporomandibular joint (TMJ) 5, 6 . There is a marked lack of agreement between structural joint changes and symptoms, and the term osteoarthrosis is often used for this more asymptomatic condition 4, 5 . The aetiology of OA has not been clearly established, but it is presumed to include systemic factors, as well as local biomechanical factors such as loading. High body mass index is a risk factor leading to OA in the hip and knee in the form of loading of the joint. Loading of the TMJ is more closely linked to muscular wear in the temporomandibular system. OA in the TMJ is diagnosed as part of the term temporomandibular disorders (TMD), within the research field of orofacial pain.
Osteoporosis and OA are thus both prevalent conditions associated with ageing and female gender. Subjects affected with OA or osteoporosis appear to differ anthropometrically in terms of bone size, density and turnover 7 . Epidemiologic data support the hypothesis that osteoporosis and OA are inversely correlated, but there are also similarities 8 . The relationship between oral health and osteoporosis is complicated 9, 10 . Skull and limb bones may represent separate classes of bone 11 . The visually sparse trabeculation and cortical erosion of mandibular bone could be a predictor of fracture incidence in other bones 12 . Associations to tooth loss 13 , periodontal disease 14 , peri-implantitis 15 , periapical lesions 16 and OA in the TMJ 10, [17] [18] [19] have been evaluated. The issue is obviously complex and the relationship between OA in the TMJ and osteoporosis in other bones has not been conclusively investigated. The aim was therefore to elucidate whether osteoporosis is linked to signs and symptoms of osteoarthritis/arthrosis in the TMJs. A possibility to highlight a potential association was to use data from ongoing, large epidemiological surveys.
Specifically, the relationships between whole skeleton bone mineral density (BMD) measurements and radiographic and clinical signs of OA in the TMJs in a population-based cohort of elderly persons were examined.
Material and methods
The persons were participants in the geriatric and gerontological population study and the population study of women in Gothenburg, Sweden, and were representative of inhabitants in the region 20, 21 . The studies have been organised by the University of Gothenburg, Sweden, since 1968. Men and women in the population studies were invited to new health examinations in 2005 at the age of 75 years and in 2010 at the age of 80 years. A number of the participants were further randomly selected and were the subjects of whole-body BMD measurements for medical reasons in addition to the basic health examinations. The BMD measurement was performed with dual-energy X-ray absorptiometry (DXA). DXA was performed by a Lunar Prodigy scanner, software version 8.70.005 (Scanex, Helsingborg, Sweden). Whole-body scans were performed as an indicator of osteoporosis. The results of DXA are generally described using the T-score, defined as the number of standard deviations (SDs) above or below the mean BMD value for young (aged 25-45 years) adults of the same sex. A T-score below À2.5 is regarded as osteoporosis and a T-score of À1 to À2.5 is rated as osteopenia, a milder form. In the analysis, osteopenia and osteoporosis were also combined in one group 22 . In 2005, from a total of 840 invited participants in health examinations, 98 were randomly selected to undergo DXA measurement. In 2010, from a total of 769 participants, 91 had DXA measurements, 49 for a second time. Only one examination for each participant, the most recent, was used in the analysis resulting in a total of 140 examined subjects, 75 or 80 years old. All the medically examined participants were invited to contribute in a routine dental examination including panoramic radiographs. Twelve persons declined partaking in the dental part resulting in a total of 128 participants that had both DXA and panoramic radiographs performed in 2005 or 2010, (Fig. 1) .
The routine dental part comprised answering questionnaires and a clinical examination performed by a dentist or a dental hygienist. The panoramic radiographs provided a view of the mandible, including the TMJ and the maxilla, with the maxillary sinuses and the nasal cavity in a single radiograph (Scanora or Cranex tome; Soredex, Soredex AB, Tuusula, Finland). The exposure factors were set individually according to the size of the participant.
The 128 radiographs were used to evaluate signs of OA in the TMJ. Interpretations were made on one occasion by an orofacial pain specialist (KB), together with a specialist in oral radiology (MA), both blinded to all the medical and clinical data, until consensus was reached. Three possible alterations to the mandibular condyles indicative of osteoarthrosis were rated. The presence of flattening (loss of smooth convexity), osteophyte (bony process on the anterior condyle) and erosion (area with diminished cortical density) on each side was evaluated as present (1) or absent (0), resulting in six possible alterations for each individual. One or both joints could also be rated as 'unreadable' and that individual was consequently excluded from that analysis. A summarised, dichotomous judgement, 'no condylar alteration' or 'condylar alteration', was also noted for each individual. The two specialists made a second evaluation of all 128 radiographs 2 months later until consensus was reached again.
This second evaluation resulted in 39 cases without perfect agreement with the first evaluation. A third evaluation of these cases was made 1 month later until consensus was reached. These third judgements were included in the final analysis of all 128 radiographs.
The panoramic radiographs were evaluated at a workstation with a monochromatic screen (OL ORIN Medic Line ML 207D TFT-LCD, Olorin AB, Kungsbacka, Sweden) with a resolution of 1280 9 1024 pixels.
In addition to the routine dental examination in 2010, the specialist in orofacial pain (KB) performed an exhaustive clinical orofacial examination according to the Research Diagnostic Criteria, RDC/TMD 23, 24 , axis I and part of axis II. An RDC/ TMD diagnosis of OA assumes that general joint diseases are excluded but otherwise the examinations were carried out blind to all medical, other dental and radiographic data. A graded chronic pain scale was measured according to the criteria. Of the 128 persons with both DXA and panoramic radiographs, 88 participated in the clinical RDC/ TMD examinations in 2010. The number of dropouts was thus 40; 17 were too ill/tired to attend the clinic, 15 declined the invitation, and eight were deceased. Fifteen of the 88 DXA measurements used in the clinical part of the study were from 2005 and the remaining 73 from 2010.
Ethics
The regional ethical review board in Gothenburg approved the study (Dnr 075-09). Participation in the studies was voluntary, and all participants gave their written informed consent.
Statistics
In the statistical analysis, the SPSS software program was used (SPSS19, IBM, Armonk, NY,USA). Possible differences in the proportions of individuals with osteopenia/osteoporosis and condylar radiographic alterations or an RDC/TMD diagnosis were tested with chi-squared and Fisher's exact tests. The t-test was used when analysing the mean mouth opening capacity. A P-value of 0.05 or less was considered statistically significant.
Results

Radiographic findings
One or both temporomandibular joints were judged as 'unreadable' in 14 participants among the 128 panoramic radiographs. Consequently, 114 individuals (63 women and 51 men) had both interpretable radiographs and DXA measurements. Condylar alterations were observed in 39 participants (24 women and 15 men), 34% (Table 1) . Most participants had only solitary alterations, and none had several on both joints. In the evaluated 114 cases (228 joints), the frequency of flattening was 25%, osteophytes 8%, erosion 1% and no alteration in 66%. The proportions of condylar alterations did not differ significantly between sexes (P = 0.428).
A diagnosis of osteoporosis/osteopenia (Tscore < À1) was established in 41 participants (30 women and 11 men), 36.0%, of the studied group (Table 2 ). The proportion of afflicted persons was statistically significant and greater among women, 47.6%, compared with men, 21.6% (P = 0.002).
No significant differences in the proportions of individuals with any condylar radiographic alteration or not among individuals with osteoporosis (T-score < À2.5), osteopenia (T-score À1 to À2.5), the combined osteoporosis/osteopenia (Tscore < À1) or healthy bone (T-score > À1) were found among all 114 participants.
Clinical findings
The distribution of RDC/TMD, axis I, diagnoses in the clinically examined group of 88 persons is given in Table 3 . More than one diagnosis is possible. Forty-one participants (46.6%) fulfilled the criteria for a diagnosis according to RDC/TMD axis I. Seven persons, three women and four men, had two diagnoses. One woman had a diagnosis of rheumatic arthritis. The distribution of RDC/ TMD-graded chronic pain/axis II is also given in Table 3 . None was classified with a high degree of chronic pain. According to the RDC/TMD criteria, RDC III c (osteoarthrosis) assumes no inflammatory disorder, a painless joint and coarse crepitation and/or positive tomographic findings. Both painless joints and coarse crepitation were found in 13 persons (14.8%), significantly more common among women (P = 0.016). As tomograms were not performed in this study, one group with coarse TMJ crepitation and/or condylar alteration, as judged on panoramic radiographs, was formed and comprised 32 subjects (36.4%) named 'arthrosis group'. No significant differences in the proportions of clinically established diagnosis RDC/TMD I, II, III or 'arthrosis group' and osteoporosis or osteopenia or the combined osteoporosis/osteopenia were found for the entire group. Nor were any significant differences found for women only or for men only.
There was a significant difference in mean mouth opening capacity between participants with or without a diagnosis of RDC I (myalgia), 43 and 49 mm, respectively (P = 0.02), but no significant differences in other diagnoses were found.
Discussion
This study used relevant medical data and established orofacial examination methods in a population-based cohort of elderly individuals to No alteration or three possible alterations on each condylar head; flattening, osteophyte or erosion was evaluated, resulting in a number of 0-6 possible alterations in each individual. highlight a possible association between osteoporosis/osteopenia and osteoarthritis/arthrosis in the temporomandibular joint. Whole-body BMD measurements and crude radiographic evaluations of the condyles were not in favour of a correlation. Nor did comprehensive clinical examinations support any association. The results do not therefore suggest that there is a positive or negative relationship between osteoarthritis/arthrosis in the TMJ and osteoporosis/osteopenia. These findings are in line with more general studies of the relationship between osteoporosis and OA 7 as well as the study by Klemetti et al. 19 relating to clinical diagnoses of orofacial pain and level of bone density. We are unable to support the conclusions drawn by Jagur et al. 18 that there is an association between radiographic changes in the TMJ and BMD. Their cohort appears to be different from ours.
An important strength of the study was that the participants were randomly selected from the population in a large Swedish region. The only exclusion criterion was inability to read and understand Swedish. The gender distribution, 54% women, was reasonable, even though the population aged 80 years in Gothenburg is 66 men in 100 women according to statistics 25 . The number of dropouts was not negligible but could be expected in an elderly population.
A formal power analysis was not performed due to lack of previous data and the intention to use the maximal number of participants in the analysis. The frequencies of individuals with radiographic alterations in the TMJ and osteoporosis/ osteopenia, respectively, were high enough to indicate a sufficient statistical power. The risk of type II errors cannot be neglected though, which is a weakness.
One further major limitation was that panoramic radiographs were used to define alterations in the TMJ, as the technique has obvious diagnostic shortcomings. The temporal components are assessed with too low accuracy and were therefore omitted from the analysis. Only condylar changes can be evaluated with any confidence and with good specificity but the low sensitivity implies a risk for underestimation of bony changes on the condyles. Compared with those obtained using more advanced radiological techniques, the data are thus not ideal [26] [27] [28] . A TMJ diagnosis in individual cases based on panoramic radiographs is often insufficient but can be useful in diagnosing advanced OA 29, 30 . In epidemiologic surveys, like the present, ethical, economical and practical issues must be considered besides the radiation burden. A panoramic examination is easy to perform, inexpensive and involves a relatively low radiation dose. It is therefore a useful baseline technique when it comes to obtaining an overview of the jaws in population-based studies. Efforts were made to improve reliability; the radiographic judgements were repeated to eliminate ambiguities over time and achieve consensus between observers 26, 27 . The prevalence of OA, as judged from the clinical examinations as well as the panoramic radiographs, is in line with that in other epidemiologic studies 31 . The three features of bony changes were chosen as they are considered significant in establishing degenerative disease. Flattening has recently been considered the most indeterminate feature and may represent normal variation when assessing CT 26, 28 . When flattening is observed on panoramic radiographs, it is likely more extensive and would probably be evaluated as OA if a CT examination was performed 26, 29, 30 . An analysis without flattening would mean a change in the common definition of the concept of OA as it, in this study, would mean a prevalence of 16% instead of 34%.
There are reasons to believe that the clinical examinations were made with sufficient stringency. Only one and the same experienced observer performed all the clinical measurements, independent of all other information. Using RDC/ TMD criteria, intraexaminer reliability is regarded as adequate 32 . In this study, whole-body DXA, which is also part of an indicator of body composition, was used. The prevalence of osteoporosis in large populations is often reported as hip BMD 33 . The use of T-score values is not as well established in men as it is in women, but the limit values are considered to be the same. A relatively low frequency of osteoporosis was found in this study when compared with other data in which every third woman in Sweden, aged 70-79, has osteoporosis, while one in every five men is affected 2 . One reason why a diagnosis of osteoporosis was relatively rare might be that, in a population of this age that is able and willing to take part in epidemiologic studies like the present one, the participants are healthy in relation to their contemporaries. When adding the two diagnoses of osteopenia and osteoporosis, a considerably larger group was formed.
All tissues of the joint are involved in OA. This is a progressive, degenerative disease, with deterioration of joint cartilage and remodelling of underlying bone as the most striking features 4 . The primary symptoms in the arthritis phase include joint pain, stiffness and loss of function, also in the TMJ 5, 6 . The clinical symptoms decrease in the arthrosis phase. In this cohort, subjective reports of pain were of a generally mild nature, despite radiological TMJ alterations, suggesting that the arthritis phase generally occurs earlier in life.
The findings of clinical diagnoses of RDC/TMD in this study are higher in terms of muscular pain than other comparable epidemiologic studies 34 . Very few subjects had a high degree of chronic pain and can therefore be regarded as similar compared with other studies, even if the examination methods were different 34, 35 . A pain diagnosis in the temporomandibular system appears to be related to a reduction in mouth opening.
In conclusion, the prevalence of osteopenia/osteoporosis was in line with other studies. Moreover, the epidemiological findings relating to orofacial pain appeared to be similar to findings from previous studies of this age group. This study utilised already existing radiographs, accomplished medical examinations, performed for other reasons and clinical orofacial examinations, to clarify the relationship between certain age-related conditions. The outcome shows no indication of an association between osteoporosis and radiological or clinical findings of osteoarthritis/arthrosis in the temporomandibular joint.
